Abstract Anterior decompression and fusion is an established procedure in surgical treatment for multilevel cervical spondylotic myelopathy (MCSM). However, contiguous corpectomies and fusion (CCF) often induce postoperative complications such as nonunion, graft subsidence, and loss of lordotic alignment. As an alternative, noncontiguous corpectomies or one-level corpectomy plus adjacent-level discectomy with retention of an intervening body has been developed recently. In this study, we prospectively compared noncontiguous anterior decompression and fusion (NADF) and CCF for MCSM in terms of surgical invasiveness, clinical and radiographic outcomes, and complications.
Introduction
The optimal surgical management of multilevel cervical spondylotic myelopathy (MCSM) remains controversial. Anterior decompression and fusion has been widely adopted and accepted as an effective and safe procedure with satisfactory results for MCSM [14-16, 22, 26] . Discectomy and corpectomy are the main procedures to anterior decompression of the cervical spine, including the resection of disc material and posterior osteophytes impinging on the spinal cord at or immediately adjacent to the level of the disc space [5, 11, 15, 16, 18] . In cases where three or more levels are affected, the techniques most frequently employed are contiguous corpectomies and fusion (CCF). However, the incidence of complications result from this surgical modality such as graft displacement, nonunion and hardware-related complications, increased as more levels were decompressed [4, 10, 19, 21, 31] . As an alternative, noncontiguous corpectomies or one-level corpectomy plus adjacent-level discectomy with retention of an intervening body, we defined it as noncontiguous anterior decompression and fusion (NADF) (Fig. 1) , has been developed recently [2, 17] . But to our knowledge there was no report to compare these two different anterior procedures of cervical surgeries in prospective case study.
Therefore, the purpose of this study was to compare NADF and CCF in a prospective and randomized manner with focus on surgical invasiveness, clinical and radiographic outcomes, and complications.
Materials and methods
In the period of January 2005 to June 2007, 110 patients with MCSM were admitted in our units. The inclusion criterion was that the patient had myelopathy in physical examination and the spinal cord compression was seen in MRI at three or four disc levels. Five-level cases were excluded for the small population. The exclusion criteria were the developmental stenosis, continuous or combined ossification of the posterior longitudinal ligament and previous history of cervical spine surgery.
Each case of these 110 patients was given a serial number according to the consecutive sequence of hospitalization, and assigned to NADF group or CCF group randomly by computer according to the serial number. In the follow-up period, 5 patients were lost within 6 months postoperatively, and 105 patients included in this study. Among these 105 patients, there were 63 males and 42 females with average age 60.2 years (38-78 years). Written consent to participate in this study was obtained from all patients. Data were collected prospectively by independent observers using standardized data collection forms.
Surgical technique
All patients underwent a right anterior cervical approach. The surgical procedure of NADF group included a corpectomy plus a discectomy with retention of an intervening body in three levels involved (Fig. 2 ), and noncontiguous two-level corpectomies with retention of an intervening body in four levels involved (Fig. 3) . Extensive decompression was performed including removal of the osteophytes, herniated nucleus pulposus and posterior longitudinal ligament to expose the dura throughout the length of the corpectomy and discectomy. PEEK cage (SCIENT'X Company, France) or titanium mesh (Synthes Inc, Switzerland) filled with the bone dust of the resected vertebra was placed in the anterior trench as well as instrumented an anterior cervical plate (Zephir, Medtronic Inc, USA; Vectra, Synthes Inc, Switzerland). The surgery was performed with fluoroscopic control.
In the CCF group, two-level contiguous corpectomies were done in the three levels involved and three-level contiguous corpectomies were done in the four levels involved. A long titanium mesh filled with the bone dust of the resected vertebra was placed in the anterior trench. And anterior cervical plate was instrumented.
After surgery all patients were allowed to sit up the first postoperative day and walk on the second postoperative day with the cervical collar. The collars were applied within the first 3 months postoperatively.
Outcome measures
The visual analog scale (VAS; 0 mm = no pain, 100 mm = worst imaginable pain) was used to rate their neck pain preoperatively and at 1 day, 1 week, 4 weeks, Fig. 1 In multilevel cervical spondylotic myelopathy with three discs involved that should be decompressed (a), one-level corpectomy plus adjacent-level discectomy with retention of an intervening body can be performed (b). If four level discs need to be decompressed (c), two noncontiguous copectomies can be done with reservation of the middle vertebral body (d) 3 months, 6 months after surgery and final follow-up. Japanese Orthopedic Association (JOA) score was recorded for cervical myelopathy before and after surgery. Radiographs were taken in neutral laterally and extensionflexion positions at 1 day, 1, 3, 6, 9, 12 months and final follow-up to evaluate the sagittal alignment of cervical spine and the bony fusion after surgery. The C2-C7 tangent angle was measured as cervical lordosis. The height of the fusion segments was measured at the midportion of the adjacent upper and lower endplates. Loss of cervical lordosis and height of fusion segments was recorded at 1, 3, 6, 9, 12 months postoperatively and final follow-up when compared with that at day 1 after surgery. If it was difficult to decide whether bony fusion was obtained from radiograph, two-dimensional CT was taken additionally. Radiograph fusion criteria included the presence of bony trabeculation and absence of bony lucency at the strut/ vertebral endplate interface, while two-dimensional CT studies additionally demonstrated ingrowth of bone into the central canal of the bony strut emanating from the endplate [7] . Radiograph and two-dimensional CT studies were independently evaluated by two spine surgeons and one radiologist. When there was a difference between the results of the two spine surgeons, the decision was made by the radiologist.
Follow-up data were collected by an independent observer. Statistical analysis SPSS statistical program (version 10.0) was used for the statistical analysis. The results are given as mean and SD or range. The t test was used to perform statistical comparisons. p values \ 0.05 were considered statistically significant.
Results
All the 105 patients were followed up for 24-48 months (mean 31.5 months). Of the 105 patients, 55 were in the NADF group and 50 were in the CFF group. There were no significant differences between two groups with regard to patient gender, age and levels involved ( Table 1 ). The Fig. 2 Preoperative sagittal T2-weighted image showed that the spinal cord compressed by C4/5,5/6,6/7 disc. In the level of C4/5 and C5/6, spinal cord compressed more severely than in C6/7 (1). Corpectomy of C5 and discectomy of C6/7 were performed with C6 body preserved (2 and 3) Fig. 3 Preoperative sagittal T2-weighted image showed that the spinal cord compressed by four levels from C3/4 to C6/7 (1). Postoperative sagittal CT construction showed that corpectomies of C4 and C6 were performed and C5 body was reserved intact (2). Postoperative sagittal T2-weighted image showed that the spinal cord decompressed completely (3) Eur Spine J (2010) 19:713-719 715 average operative time was 140 min in the NADF group and 168 min in the CCF group, the difference between two groups was significant (p \ 0.05). The average blood loss during surgery was 269 ml in NADF group, significantly lower than CCF group with 379 ml (p \ 0.001) ( Table 1) .
VAS for neck pain
The mean VAS scores for each data collection time are depicted in Table 2 . There was no significant difference between the two groups before surgery. And within 3 months after surgery, there was no significant difference in either group. But at 6 months postoperatively and final follow-up, VAS in NADF group was 8.2 and 9.5, which were significantly lower than in CCF group (p \ 0.05), 13.3 and 14.3, respectively. There were no patients with a daily demand of NSAIDs for axial neck pain in both groups at final follow-up. But five patients (10%) in CCF group need an occasional medication of NSAIDs at final followup. The radiographic studies of these five cases showed no significant difference compared with other 45 patients in fusion rate, loss of lordotic angle and height of fusion segments.
Neurological function
In NADF group, 44 patients reported subjective neurological improvement postoperatively, 11 patients demonstrated unchanged neurological status. In CCF group, 41 cases indicated neurological improvement postoperatively and 9 patients remained unchanged. The difference between both groups was not statistically significant. JOA score was 9.1 in the NADF group and 8.8 in the CCF group before surgery, 13.2 and 13.4 at 6 months after surgery, and 14.0 and 14.1 at final follow-up. There was no significant difference between the two groups. There were two patients, including one with three levels involvement and one with four levels involvement, who had deterioration of the JOA score of 1 point at final follow-up compared with 6 months postoperatively in CCF group. Radiograph studies showed that fusion was obtained in both the patients. Loss of lordotic angle and height of fusion segments was 4.2°and 4.8°, 3.5 and 4.1 mm, respectively. Both MRI showed no compressed spinal cord. No further management was performed in these two patients.
Radiological outcomes
No hardware complications were noted in both the groups.
In NADF group, all 55 cases obtained fusion at 1 year after operation with a mean period of 5.1 months, among which 52 cases (94.5%) achieved fusion within 6 months postoperatively. In CFF group, 18 cases (36%) did not achieve fusion at 6 months postoperatively. With a longer immobilization of neck brace 16 cases achieved fusion 1 year postoperatively. But the other two cases (4%) were performed posterior stabilization and fusion was noted 6 months later. The difference of fusion time between two groups was significant (p \ 0.01). The cervical alignment of neutral position in the two groups is summarized in Table 3 . The differences of cervical lordosis between the two groups were insignificant at the same follow-up time. But the loss of lordosis and height of fusion segments in 6 months postoperatively and final follow-up were significantly more in CFF group than in NADF group (p \ 0.001).
Surgical complications
Surgical complications were seen in 17 patients in this series, 8 in NADF group and 9 in CCF group (Table 4) . There were no incidences of infections, esophageal or tracheal ruptures and death in this series. Seven patients complained of axial pain, which subsided gradually in 1-3 months without any treatment. One patient in CCF group had neurological deterioration 4 h after surgery, caused by extradural hematoma and recovered gradually Values are mean ± SD NS not significant Values are mean ± SD NS not significant when the hematoma was removed at once. Cerebral fluid leakage was noted in three cases, two in NADF group and one in CCF group. Two patients in CCF group, did not achieve fusion at 1 year postoperatively, were re-operated posteriorly to stabilize cervical spine and benefit for fusion 6 months later. Transient recurrent laryngeal nerve palsy was observed in two patients without further management, one in NADF group and the other in CCF group. C5 paresis was seen in two cases postoperatively in NADF group, which subsided gradually within 6 months with conservative therapy.
Discussion
The primary goal of surgical treatment for MCSM remains the relief of neurological compression, stabilization of cervical spine and restoration of lordotic alignment. Posterior procedures, such as laminectomy and laminoplasty, associated with significant postoperative axial pain and high incidence of postoperative kyphosis, have driven surgeons away from posterior decompressive procedures as a treatment for MCSM [11, 13, 30, 33] . Anterior discectomy has good postoperative short-term stability and clinical results in single level disc herniation. But when used for MCSM, decompression of discectomy is limited and fusion rate is poor [12, 22, 23] . And, when anterior CCF are used in MCSM, the incidence of complications increased as more levels were decompressed [4, 10, 19, 21, 31] . Supplemental posterior stabilization usually should be done to increase postoperative stability after CCF to achieve solid fusion [1, 27] . Therefore, many modified methods for the anterior procedures of MCSM were developed in response to the limitations of previous techniques [3, 9, 25, 32] . Among these techniques, NADF had been found safe and efficient for anterior decompression in patients with MCSM, obviating the need for staged circumferential procedures [2, 17, 28] . So, this study was conducted to compare the clinical and radiographic outcome of patients with MCSM who underwent NADF and CCF in prospective case study.
In this series, instead of using autografts of iliac crest or fibular bone, we prefer to reconstruct the spine with titanium mesh cages or PEEK cage packed with local corpectomy site, derived for all cases in two groups. This facilitates the grafting of autogenous local bone and obviates unexpected complications of harvesting bone block from the iliac crest or fibular bone [8] . However, TMC subsidence was a common phenomenon after anterior cervical corpectomy and fusion with TMC according to Chen's study [4] . The level of corpectomy was a unique risk factor for severe subsidence which might have led to bad clinical results and subsidence-related complications, such as axial pain and recurrent symptoms [4] . Similarly in our study, loss of cervical lordosis and height of fusion segments in CCF group were more than in NADF group in 6 months postoperatively and final follow-up. TMC subsidence in CCF group was supposed to explain the decreased VAS in the follow-up period [4] .
In surgical invasiveness, the significant difference between the two groups was in blood loss and operating time. Compared within CCF group, the reduced operating time in NADF group was considered due to absence of the procedure to perform an additional corpectomy. The vertebral body was reserved intact, resulting in less blood loss. However, whether the reserved vertebral body impaired the effect of decompression was one of the questions we wanted to investigate in this study.
Often, cervical stenosis of MCSM is confined to adjacent-level degenerated discs with the absence of bony riding behind the vertebral bodies. So, adequate decompression can often be achieved with multilevel discectomy or NADF technique [28, 32] . Corpectomy can effectively decompress the spinal cord in the level of removed vertebral body and immediately adjacent disc. In four levels of CSM, NADF can decompress the spinal cord completely. But if three levels are involved, corpectomy should be Loss of height of fusion segments (mm) 6 months after op. 0.8 ± 0.5 1.9 ± 0.7 \0.001
Final follow-up 1.0 ± 0.6 3.1 ± 0.9 \0.001
Values are mean ± SD NS not significant performed at the most severely involved levels [17] . And discectomy should be performed in the smaller herniated disc, removing the posterior osteophytes at or immediately adjacent to the level of the disc space. Although not a direct criterion to evaluate decompression, JOA score was used to assess the effectiveness of decompression in this study. The same JOA score improvement between the two groups indicated the effectiveness of decompression with NADF was as same as CCF. Some authors deemed that incidence of pseudarthrosis increased in more graft-host interfaces where fusion has to occur, and advocated the use of one or more corpectomies as an alternative to multiple interbody grafts [6, 20] . But in our series, the fusion rate was not affected by greater number of graft-host interfaces. There were four graft-host interfaces in NADF group which seemed to accelerate fusion compared with two graft-host interfaces in CCF group. Moreover, long TMC graft in the CCF group may delay the fusion time and increase the incidence of pseudarthrosis [4] . To guarantee solid fusion, supplemental posterior stabilization was performed for two cases in CCF group 1 year after operation. Using in vitro mechanical testing, Singh [28] found that in the three levels involved NADF provided greater stability than the two-level continuous corpectomies. We presumed that more biomechanical stability in NADF group contributed to faster fusion and high fusion rate. But the biomechanical test for four levels involved should be done in the future.
The total complications of this series were seen in 17 cases (16.1%), similar in two groups. With regard to the severity of complications among these two groups, CCF group seemed to be more troublesome than NADF. Three cases (3/9) needed to be re-operated in CCF group. One case with extradural hematoma was immediately re-operated after anterior decompression and two cases with fusion-related complications were performed posterior stabilization at 1 year postoperatively. In NADF group, all eight cases with complications were subsided with conservative therapy. However, the incidence of complications was less than the other published series [24, 26, 29] .
Optimal candidates for NADF are considered to be the patients with MCSM, with the pathology of CSM lying anteriorly mainly at disc space level. The patients with developmental spinal canal stenosis and continuous or combined ossification of posterior longitudinal ligament are contraindications for NADF technique. A potential limitation of the present study is the fact that CCF technique can decompress the contiguous or combined ossification of posterior longitudinal ligaments, which are contraindications for NADF technique. Thus the candidates for the present study were limited.
In conclusions, in the patients with MCSM, without developmental stenosis and continuous or combined ossification of posterior longitudinal ligaments, NADF and CCF showed an identical effect of decompression. In terms of surgical time, blood loss, VAS, fusion rate and cervical alignment, NADF was superior compared to CCF.
